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SUMMARY

The Southern Region Marine Baseline Survey was initiated in 1990

to determine concentrations of nutrients, metals and
organo-chlorine pesticides in coastal waters. Twenty-four
stations, including four monitored as part of the National
Baseline Monitoring Programme, have been monitored four times

per annum since December 1990. This report presents results for
nutrients over this period.

Concentrations were generally higher in estuaries than in open
coast locations, gradients being evident down some estuaries.
Concentrations were also generally higher during winter
(October-April) than summer (May-September). These observations
reflect the importance of riverine sources of nutrients and their
uptake through biological processes. The discharge of major
rivers in Sussex and to the southern Kent coast does not appear
to cause significant local increases in nutrient concentrations
at open coast locations.

There was little evidence of ®Tlevatedl nutrient concentrations,
excessive algal blooms or oxygen depletion. Increased monitoring
effort in estuaries may be required to enable more rigorous
determination of “sensitivityl in terms of the European Waste
Water Directive.
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1. INTRODUCTION

Surveys of coastal waters carried out by the NRA Southern Region,
and previously by Southern Water, have been designed, primarily,
to determine concentrations of sanitary parameters, compliance
with environmental quality standards of persistent compounds, or
to meet the requirements of EC Directives. With the exception of
surveys of nutrients and metals carried out in Southampton Water
and the Solent between 1977 and 1983, and of "Red List"
substances, which have been monitored throughout the region since
1989, surveys have rarely been designed to establish
environmental concentrations of determinands with sufficient
statistical precision to enable temporal trends to be determined.

The Southern Region Narine Baseline Survey was initiated in 1990
to determine the concentrations of nutrients, metals and
organo-chlorine pesticides 1in coastal waters to assess the
success of pollution control measures. The programme was
organised so as to fulfil obligations arising from the NRA
National Baseline Monitoring Programme, and to 1include sites
previously monitored for the Joint Monitoring Programme of the
Oslo and Paris Commissions. Data from the survey will also be
required for the designation of "sensitive waters" in respect of
the EC Waste Water Directive.

The nutrients data presented in this report are from the period
December 1990 to October 1992. Additional data collected as part
of our commitment to the National Baseline Programme will be
included in later reports.

2. METHODS

Twenty-one sampling stations (Table 1 & Map 1), remote from the
immediate influence of anthropogenic inputs, were selected. In
addition, three sites in Southampton Water and the Eastern Solent
(Stations A, B & C), which had been previously monitored as part
of the Joint Monitoring Programme, were included. Stations 6
(Selsey Bill), A, B and C meet the NRA Southern Region®s
monitoring requirements under the National Baseline Monitoring
Programme.

Samples were collected at approximately 3 month intervals, with a

minimum of two months between surveys. On each occasion, samples
were taken from a depth of 0.5 m on both the outward and return
journeys. Water column profiles of temperature, salinity and

dissolved oxygen concentrations were recorded at each location.

Samples were collected using "blue book methods™ where possible.
Samples for nutrients analysis were filtered using 1.2 vim pore
GF/C filters and 1i1mmediately frozen in order to minimise
deterioration prior to analysis.

A list of determinands and matrices 1is presented in Table 2.

Analyses were ~carried out at the NRA Welsh Region laboratory,
Llanelli using NAMAS accredited methodologies.
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3.

RESULTS & DISCUSSION

Results are presented in Tables 3-10 and Figures 1-9. The latter
present “winter” and "summer"™ mean values (*x standard errors).
Statistical analysis of normalised data has not been undertaken;
lack of overlap of standard error range should not, therefore, be
taken to imply statistical significance.

3.1

3.2

Dissolved oxygen (Table 3 Figure 1).

Percent saturation of dissolved oxygen was generally higher
during the summer period (101%+1%) than during the winter
(96x1%), possibly reflecting increased phytoplankton

activity during the summer. For instance, elevated summer
saturations in Rye Bay appear to have been associated with
high chlorophyll A concentrations. However, this

relationship did not hold for other locations, especially
estuaries. In these locations, the biochemical oxygen demand
of river discharges and mobilised silt might compensate for

photosynthetic production. There was some evidence of
saturation gradients down estuaries such as Southampton
Water, especially during the winter period, reflecting

increased run-off from rivers.

Although saturation was generally Jlower in estuaries
compared with open coast locations, there was no evidence
of significant deoxygenation; at no time did saturation
values fall below 70%. It should be noted, however, that
results presented here are sub-surface values. Lower

saturation values would be expected closer to the
substratum.

Ammonia (NH3-N) (Table 4 & Figure 2).

Concentrations ranged from a minimum of < 3 pgl-x at a
number of open coast locations during the winter period, to
a maximum of 400 vyigl-1 at Station A, Dock Head, again
recorded during the winter period. Concentrations were
generally higher in the winter (33.6%3.3 pgl~x) than 1in the
summer (28.1#%2.5 pgl“%) reflecting riverine inputs.

Relatively high winter concentrations at Stations 1 & 2,
Hengistbury Head and The Needles, might be due to the
proximity of the discharge from the River Avon, local sewage
discharges or the westward dispersion of water from

Southampton Water through the Solent. High concentrations
recorded at Selsey Bill, especially during the summer
period, could result from the eastwards dispersion of water

from sewage sludge dumping grounds adjacent to the Nab
Tower.

A concentration gradient was evident down Southampton Water,
indicating the importance of riverine inputs at the head of
the estuary. Concentrations in the Thames estuary were, 1in
contrast, low, and only marginally higher than open coast
concentrations.

AJH 1/1/93 2 063/3/S



3.3 Nitrate (NO3-N) (Table 5 & Figure 3).
Concentrations ranged from a minimum of < 1 pgl~x at a
number of open coast locations, to a maximum of 2000 iagl-x
at Station A, Dockhead. Both concentrations were recorded
during the summer. However, concentrations were generally
higher in the winter (191%1 jigl~x) than in the summer
(10122 pgl~x). This reflects higher river flows and reduced
biological activity, and hence uptake, during the winter
period. As above, maximum concentrations occurred in
estuaries (Southampton Water/Solent/Thames, Stations A, B,

C, 20 & 21), concentration gradients reflecting the
importance of riverine sources.

There was no evidence of particular localised coastal
effects due to the major rivers (Arun, Adur, Ouse & Rother)
discharging along the south coast. Winter concentrations
were comparable to those reported by the Oslo & Paris
Commissions (> 210 1iigl~x) for the English Channel (Anon.,
1992). However, elevated <concentrations at Station 1,
Hengistbury Head could again be explained by the proximity
of the River Avon.

3.4 Nitrite (NO2-N) (Table 6 & Figure 4).

The data for NO2-N were very variable, with large standard
errors, particularly over the winter period. Concentrations
were generally higher during the winter period (5.6%0.4
ligl“x) than the summer (2.5*0.2 pgl~x). Particularly high
concentrations during the winter period at stations 8-10,
Worthing-Newhaven, may indicate a high 1level of microbial
activity along this stretch of coastline.

3.5 Orthophosphate (P04-P) (Table 7 & Figure 5).
The highest concentrations were largely restricted to
estuarine locations during the winter period. However,"
elevated concentrations were also recorded during the winter
at Station 2, The Needles. Again, this could be due to the
influence of local discharges, or to westward dispersal
from Southampton Water. The mean winter and summer
concentrations across all stations were 29.6 t 1.6 1iagl-x
and 15.3 =*£1.5 pgl_x respectively, reflecting increased

biological activity, and hence uptake, during the summer
period. Again, winter concentrations were comparable to
values ( 26 1igl_x) published by the O0slo & Paris
Commissions (Anon., 1992).

3.6 Silica (Si02-Si) (Table 8 & Figure 6).

Maximum concentrations (up to 1170 yigl-1) were recorded 1in
estuarine Jlocations during the winter period, and minimum
concentrations (min. < 1.7 jjgI*’x) in open-coast locations,
again during the winter period. The mean winter and summer
concentrations were 145 t 8 jigl“l and 50 =+ 5 jk?1~x
respectively, reflecting uptake by planktonic diatoms during
the summer period.

3.7 Suspended solids (105=C) (Table 9 & Figure 7) and
Chlorophyll (Chi A) (Table 10 + Figures 8 & 9).
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In contrast to other determinands, the highest
concentrations of suspended solids were recorded during the
summer period, with especially high values being recorded at
Stations 9 & 10 (max. 149 mgl"”x), 13 (max. 129 mgl-1) and 20
(max. 127 mgl~x). The standard errors associated with the
mean concentrations were, however, very large. Overall,
concentrations were higher during the winter (12.8%0.9
mgl-:L) than the summer (8.4%2.0 mgl_:L)

High concentrations of suspended solids did not correspond
consistently with maximum chlorophyll concentrations.
Maximum chlorophyll concentrations (up to 14.2 pgl*“%)
occurred in estuarine locations (Southampton Water/Thames)
with smaller peaks at Stations 4-6 and 12-14.

The highl chlorophyll concentrations recorded, are,
nevertheless, relatively low and do not indicate significant
phytoplankton populations. This would tend to contradict
arguments made above concerning the reduction in
concentration of nutrients due to biological activity during
the summer period. However, phytoplankton populations are
very dynamic in both time and space, and more 1intensive
surveys would be required to monitor these changes.

4 Conclusions.

Nutrient concentrations were generally high in estuaries compared
with open coast locations, concentration gradients being evident
down estuaries. Concentrations were also generally higher during
the winter period than during the summer. These observations
reflect the importance of riverine sources of nutrients and their
uptake through biological processes.

While the discharge of major Sussex rivers did not appear to
cause significant local increases 1in nutrient concentration at
open coast locations, there was some evidence of elevated
concentrations of certain parameters in Poole/Christchurch Bay.

Where there is evidence of nutrient enrichment, it may be

necessary to increase sampling frequency, especially over the
winter period, to determine concentrations with greater
precision.
References
Anon. 1992 Nutrients in the Convention area. Oslo & Paris

Commissions.
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Table 1

Coastal—Waters Baseline Monitoring points

Station

e e e
U WNROOTINOUTRWN R

NN = R
O W 00 -

National

A
B
C
(6

Site

Hengistbury Head
The Needles

St Catherines Point
West Princessa Buoy
Nab Tower

Selsey Bill
Middleton-on-Sea
Worthing

Brighton

Newhaven

Beachy Head

Bexhirl

Rye Bay

Dungeness

Sandgate Buoy

South Foreland
Goodwin Fork Buoy
East Brake Buoy
East Margate Buoy
Shivering Sand Buoy
Medway Buoy

Dockhead

Calshot

East Brambles Buoy
Selsey Bill

Baseline Monitoring Programme

Latitude
50- 42 .00
50- 38 .20
50- 33 .00
50- 40 .15
50- 40 .10
50- 40 .00
50- 44 .70
50- 46 .20
50- 47 .00
50- 45 .50
50- 42 .50
50- 47 .00
50- 51 .00
50- 53 .50
51- 02 .20
51- 08 .00
51- 13 .30
51- 19 .50
51<= 27 .00
51- 30 .00
51- 28 .80
Sites:
50<= 52_.90
50<= 49.20
50- 47.20
50<= 40.00

Z2222Z2Z2Z22Z22Z2Z2Z2Z2Z222Z2222Z2

z2z2ZZZ

Longitude
01- 45.00
01- 39.00
01- 18.00
01- 03.50
00- 57.00
00- 50.00
00- 35.07
00- 22.50
00- 10.08
00- 00.12
00- 16.00
00- 30.00
00- 44.00
01- 00.00
01- 11.10
01- 23.50
01- 27.00
01- 29.00
01- 25.14
01- 04 .90

00- 53.10

01- 23.50
01== 18.00
01- 13.55
00= 50.00

MMMMMMMMMMmMIMEsS=S=S=S=E== =

5255



Map 1. A map showing the position of sampling stations used for
the Marine Baseline Survey,

0 Baseline Survey Stations

| National Baseline Monitor
Programme Sites



TABLE 2

Coastal Waters Baseline Chemical

Determinands
Routine

Salinity
Temperature
Oxygen

nh3-n

no3-n

no2-n

PO4-P

Si02

Suspended solids
Chlorophyll a

$ % ok ok * |

+* = Cu
o+* = Pb
o = DDT

One-off surveys -

Polynuclear aromatics
Polybrominated biphenyls
Dioxins

Triazines

Toxophene

Chlordane

Determinands and Matrices

o+* —Cd
o+*  Hg
+* - Ni
ot* = 7Zn
+* I As
+* = Cr
0 - HCH (on an
0 - Dieldrin
0 I Aldrin
0 = Endrin
0+ PCB (on an

Red List substances not already included

HCB
HCBD
PCP
CHC1,
cCl4

Matrix to be analysed

*

filtered water sample

= unfiltered water sample
+  sediments

0 bioaccumulation

NB analysis of sediments must include
measurements such as particle size
which aid normalization of results.

Analyses should be undertaken on the
<63u fraction

(organisms consistent with recommendations
of bioaccumulation protocol but preferably
mollusc for Organics and mollusc and
seaweed for metals from estuarine sites).
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fig. 7 : Mean Winter and Summer Suspended Solids Concentration
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MARINE BASELINE SURVEY 1990-92
Table 3 : Percent Saturation dissolved oxygen.
1990 DECEMBER

BASE  OUT RETN
i

A
B
C
1 106
2 106
3 111
4 112 121
5 110 122
6 113 120
7 104 122
8 109 122
9 106 121
10 107 120
1 104 119
12 104 121
13 104 122
14 106 119
15 112 117
16 115 121
17 121 117
18 121 116
19
20
21
1991 JANUARY FEBRUARY APRIL JULY OCTOBER
BASE  OUT  RETN OUT RETN OUT RETN OUT RETN OUT RETN
A 96 92 86 91 87 88 9% 139 92 77 70
B 100 95 98 91 89 93 9% 126 91 82 7
C 100 98 95 95 96 94 9% 131 89 82 78
1 107 104 95 96 91 98 130 92 90 82
2 104 103 97 93 91 9% 118 91 89 83
3 106 106 97 93 90 116 86 84
4 107 102 97 95 91 102 121 89 85 85
5 107 101 95 96 97 100 124 94 85 84
6 104 102 101 97 107 100 129 95 83 83
7 103 101 98 97 95 98 101 93 85 84
8 108 101 96 99 103 102 99 91 85 84
9 106 102 % 100 112 106 100 96 86 85
10 105 102 93 101 108 115 98 92 85 84
11 102 99 98 92 103 93 97 88 85 81
12 106 100 98 9% 106 109 99 92 84 84
13 106 102 93 93 100 100 102 91 83 87
14 107 103 99 94 9% 100 99 89 83 82
15 104 100 100 96 96 95 95 91 83 84
16 106 102 98 92 95 95 96 86 86 82
17 107 99 97 94 98 96 93 89 86 85
18 104 100 96 94 98 98 97 88 85 85
19 105 102 90 94 102 102 97 91 85 86
20 103 101 91 94 100 101 96 91 85 85

N
(=Y

99 98 91 88 97 100 90 88 83 84



Table 3 cont.

1992 FEBRUARY MAY JUNE
BASE OUT RETN OUT RETN OUT RETN
A 0 90 97 97
B 95 90 101 101
C 95 90 99 99
1 94 87 99 101
2 96 87 97 106
3 97 86 98 108
4 96 90 103 111
5 99 90 85 113
6 98 89 97 97
7 98 90 107 108
8 98 90 109 107
9 98 90 115 114
10 97 92 113 108
11 98 87 113 104
12 97 90 112 113
13 96 90 123 115
14 97 90 115 111
15 95 91 112 103
16 93 92 103 105
17 95 92 105 105
18 A 89 99 109
19 95 92 99 101
20 95 87 99 96
21 93 88 95 104
Winter October-April Summer
BASE Mean std se High Low Mean
A 88 7 2 90 86 104
B 91 6 2 93 90 103
C 93 6 2 94 91 101
1 95 7 2 97 94 104
2 95 6 2 97 93 102
3 96 8 2 98 93 104
4 98 10 3 101 96 102
5 99 10 3 101 96 100
6 99 10 3 102 96 102
7 98 9 2 100 95 100
8 99 10 3 102 97 101
9 100 10 3 103 97 104
10 100 10 3 102 97 101
11 96 9 2 99 94 100
12 99 10 3 101 96 104
13 97 9 2 100 95 107
14 97 9 2 100 95 104
15 97 9 2 100 95 101
16 97 10 3 100 95 99
17 98 10 3 101 95 100
18 98 10 3 100 95 95
19 95 6 2 97 93 95
20 94 6 2 96 92 96
21 92 5 2 94 91 96

MARINE BASELINE SURVEY 1990-92

: Percent Saturation dissolved oxygen.

JULY

ouT

97
103
100

105
102
108
108
105
103
110
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109
103
100
104
108
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115
110

RETN

103
99
88

OCTOBER
OUT RETN
90 88
93 94
92 96
95 97
9% 95
96 95
97 97
96 99
96 95
98 95
9% 96
95 98
94 94
9% 94
9% 95
A 95
o4 95
9% 94
94 92
94 92
A 94
95 94
A 94
93 93

May-September
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9
13
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13
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108
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104
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103
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104
101
102
100
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100
100



MARINE BASELINE SURVEY 1990-92
(pgl-1)

DECEMBER
RETN

: NH3-N concentrations
ouT

370.0
109.0

1990
i

Table 4
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24.0
20.2
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OUT RETN

APRIL
OUT RETN

JANUARY FEBRUARY
OUT RETN

OUT RETN

1991
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NN AAAAAAANA AN N
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Table 4 cont.

1992
BASE

OCO~NOOUTRARWNEFEOmI>

BASE

OCO~NOUITRWNRFROm>

MARINE BASELINE SURVEY 1990-92

: NH3-N concentrations (pgl'l)

FEBRUARY
ouT RETN
165.0 193.0
88*0 88.0
95.0 95,0
<4.0 29.0
4.0 12.9
4.0 8.1
8.0 2.0
15.0 7.6
8.0 8.7
<4.0 10.4
<4.0 2.0
7.0 4.2
<4.0 5.2
<4.0 16.0
4.0 7.0
<4.0 10.0
5.7 8.0
<4.0 8.0
5.4 7.0
13.0 12.0
89.0 13.0
9.6 16.0
18.0 24.0
22.0 25.0

17.
12.
15.
26.

Winter
Mean S
194.2 103.
89.5 73.
67.2 55.
53.9 77.
50.3 65.
26.8 34.
15.0 16.
15.0 13.
20.3 13.
18.0 17.
13.8 14.
15.8 10.
15.6 17.
18.3 16.
18.8 36.
8.4
8.5
16.8 25.
12.4 11.
19.3 23.
2
8
5
4

6.
6.

22.
9.
8.

20.
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75
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0 40.
0 25.
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20.
0 13.
0 23.
0 31
0 16.
0 33
0 20.
0 18.
0 19.
0 45
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0 55
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0 58.
0 62
0 98
Summer
Mean
98.8
61.8
31.8
20.8
15.1
17.4
20.6
19.4
39.7
15.9
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26.8
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1990
BASE
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NP RRRR R R
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1991
BASE

OCO~NOOUTRAWNEF O T

DECEMBER
OUT RETN
16
318
120
158
158
98
82
102 143
111 78
116 82
122 106
140 97
94 95
196 170
163 151
177 177
177 189
177 144
267 200
189 222
166 177
JANUARY
OUT  RETN
468 914
588 428
322 197
355 263
336 211
190 132
59 146
136 171
170 123
233 137
114 147
98 107
90 79
160 62
59 85
89 89
58 82
70 66
99 143
125 187
181 218
232 207
435 303
1143 1373

811
309
306

FEBRUARY

ouT

1052
581
359
368
277
208
163
172
172

91
87
94
135
127
94
119
102
87
127
108
323
578
594
1196

RETN

1182
482
416
585
334
233
161
149
220
104
194
107
158

78
83
81
105
81
110
108
85
120
390
850

APRIL

ouT

929
624
193
366
197
171
61
124
38
34
57
33
43
14
51
97
116
94
122
123
216
347
200
815

RETN

570
325
410
328
387

89
126
89
51
54
58
66
65
12
88
108
180
148
126
154
283
129
42

JULY
OUT  RETN
397 297
50 19
51 16
4 3
8 <2
16
12 138
4 2
4 14
13 3
5 <2
7 3
7 <2
14 15
9 <2
3 4
5 4
9 14
18 10
27 13
50 16
90 119
384 360
322 185

MARINE BASELINE SURVEY 1990-92
Table 5 : NO3-N concentrations (pgl-1)

OCTOBER
ouT RETN
202 329
228 140

92 124
127 53

47 74

31 49

23

18 45

18 131

68

14 16

13 20

9 17
8 22

11 67

<2 9

38 128
137 149

67 145
273 158
138 230
132 296
199 221
243 197



MARINE BASELINE SURVEY 1990-92
Table 5 cont. : NO3-N concentrations (ygl-1)

1992 FEBRUARY MAY JUNE JULY OCTOBER
BASE OUT RETN OUT RETN OUT RETN OUT  RETN oOUT RETN
A 519 533 941 341 2000 158 403 524
B 366 296 284 297 1568 52 99 120
C 334 281 164 172 370 21 56 37
1 439 306 22 10 937 14 63 73
2 188 252 4 4 49 26 48 75
3 172 194 7 2 161 32 93 44
4 121 131 10 <1 55 42 13 12
5 200 129 18 2 43 36 12 19
6 160 136 79 90 <1 28 30 25
7 104 137 23 <1 3 9 11 31
8 127 102 9 <1 2 12 20 6
9 169 112 5 7 113 16 33 22
10 216 210 7 3 7 46 76 62
11 236 234 3 <1 14 21 80 62
12 201 162 1 2 9 33 76 51
13 229 145 4 2 7 18 98 36
14 236 225 <1 4 2 16 55 27
15 243 222 <1 17 12 79 47
16 232 219 2 <1 19 77 135 47
17 295 233 10 61 49 125 126 65
18 225 192 34 2 59 99 153 81
19 178 282 67 10 45 61 76 36
20 353 306 78 73 106 142 82 117
21 303 641 >100 >100 727 1140 753 119
Winter  October-April Summer May-September

BASE Mean std se High Low Mean std se High Low

604 321 86 689 518 689 636 259 948 430
350 167 45 395 306 378 544 222 600 156
232 126 34 266 198 132 124 50 183 82
268 157 44 312 224 165 345 141 306 24
199 111 31 230 168 15 17 7 22 8
135 67 19 154 115 44 60 27 70 17

88 54 15 104 73 43 47 19 62 24

110 60 16 126 94 17 17 7 24 11
107 61 16 123 91 36 36 15 51 21
92 56 16 108 7 9 8 3 12 5
83 55 15 98 69 5 4 2 6 3
79 47 13 91 66 25 40 16 41 9
96 61 16 113 80 12 16 6 18 5
108 76 20 128 88 11 7 3 14 8
90 56 15 105 75 9 11 5 14 4
102 62 17 119 86 6 5 2 9 4
118 64 17 135 100 5 5 2 7 3
127 59 16 143 111 9 6 2 12 7
147 60 16 163 131 21 26 11 32 11

167 66 18 185 149 48 39 16 63 32
181 60 16 197 165 43 31 13 56 31
231 139 40 271 191 65 34 14 79 51
277 143 41 319 236 191 130 53 244 137
640 436 126 766 514 429 383 157 586 272
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MARINE BASELINE SURVEY 1990-92

- NO2-N concentrations (pgl-1)

DECEMBER
OUT RETN

199Q

BASEJ

Table 6

45511523777777

65354942000000
AN AN - vV V V V

©COMD DTN ©OMN 0L NN NN~

562111791831822000000
A — AN AN V VYV YVYVYV

COOTANNTOOONMNOOOO AN M LO ONMN~ O
AA A A A AAA A

JULY OCTOBER
RETN  OUT RETN OUT  RETN

APRIL

RETN OUT

FEBRUARY
ouT

JANUARY
OUT  RETN

1991
BASE

103704 46755515510343659

797121 21100010011461100
\"4 V V \4

919871473 22717177981555

1“7345555 11020200772000
N

o O O n O 732756515551510155
B4010 112000030002112553

549570655555556558001719

422001000000001000111163
VVVYVYVYVYV \

31564 596555555981081478

52211 000000@00001101111

194132058555555555579393
182211110000000000000101
i vV V V

596250163903169040096323
533311112031200112101113

47577958256324595892272
474211233112221211112215

933
266

594304610002851267499970

804101149800767603060138

<O OTITANNTOONODOOANMNMSTNDONOOO
A A A A A A A AN

21



RETN

MARINE BASELINE SURVEY 1990-92
- NO2-N concentrations (jigl'™l)
FEBRUARY MAY JUNE JULY OCTOBER
OUT  RETN OUT RETN OUT RETN OUT RETN OUT

1992

Table 6 cont.
BASE

008771930169600066740 o

205677346647297425320 —
< <« AA NN A —

041570449844895902929300

027967433457125460119630
— AA A A A A A n <

0628481830246602789

”_331112111111111214

391542277900459025779023

615321210011131112343363

<O MANO 037792099126770
A O A0 110000100111125

94837 854554795199201
00010 101112111102135

144 (o]
00_/4 N
—O0O O O
o~ < N

227368070302835794011397
708653335822871133353454

699613547240084606364267

400443286350232332225333
— — N

<CAONOTANMNMTOONMNOOODOANM O O~ S O i
A A A — AN NN

SUMMER
std se High Low

Mean

WINTER
std se High Low

Mean

BASE

999181393767739783619905
042101101000010001111144

440044731191236168847248
374211112101121111222357

236432224222253243674676
110000000000000000000001

014073650544628596550456
331100001000010000111113

214612517989082926283572
263111111000111011212246

869262777647012464692917
385433234355532222222123

273939009691681939908807

8075544565908565544532“_9

207989671022840833108550
210000001122112111110043

298100250743724617291684
832333224388657654433140

066040348679851196790467

696544345477644433333266

CAMOTAANNTOONOODOATANMTLO OMNOOO
Ad A A A A AA A NN



MARINE BASELINE SURVEY 1990-92
Table 7 : P04-P concentrations (pgl-1)

1990 DECEMBER
BASE OUT  RETN

A 81.0

B 57.0

C 26.0

1 31.0

2 27.0

3 19.0

4 17.0

5 17.0

6 19.0 16.0

7 19.0 24.0

8 22.0 19.0

9 27.0 19.0

10 21.0 20.0

11 42.0 33.0

12 32.0 24.0

13 39.0 27.0

14 30.0 57.0

15 34.0 23.0

16 57.0 39.0

17 40.0 48.0

18 30.0 28.0

19

20

21
1991 JANUARY FEBRUARY APRIL JULY OCTOBER
BASE OUT RETN OUT RETN OUT RETN  OUT RETN  OUT RETN

A 57.0 121.0 85.0 3.8 32.0 117.0 52.4 24.5 46.7 88.2 64.

B 44.0 42.0 3.1 3.9 134.0 43.2 23.6 2.5 7.5 61.1 38.

C 23.0 28.0 30.0 15.7 34.5 18.4 20.1 1.1 1.9 34.8 32.

1 17.0 27.0 2.7 36.8 23.9 21.9 1.1 1.4 16.0 18.

2 15.0 23.0 2.9 145.0 26.0 18.2 <0.8 1.5 20.5 22.

3 19.0 20.0 9.8 34.7 20.3 3.3 22.3 15.

4 17.0 21.0 2.9 30.0 5.1 7.6 3.5 1.5 22.4

5 23.0 21.0 11.8 21.3 6.2 13.9 <0.8 4.6 18.4 17

6 20.0 20.0 4.4 20.1 5.9 6.6 <0.8 1.6 17.7 26.

7 27.0 24.0 2.5 19.2 5.7 6.5 4.2 1.7 23.

8 20.0 17.0 8.8 23.7 5.2 5.6 3.4 5.2 12.7 11

9 17.0 22.0 4.8 18.3 5.2 6.3 3.3 1.7 14.1 12
10 19.0 19.0 13.5 18.5 5.0 10.4 3.2 2.4 12.2 11.
11 22.0 15.0 1.7 13.1 5.6 9.6 3.6 6.3 16.7 20.
12 15.0 17.0 16.9 15.4 6.7 5.8 6.4 4.3 11.8 11
13 20.0 19.0 14.7 8.1 16.0 11.1 <0.8 3.6 14.5 11
14 15.0 18.0 1.7 15.3 16.2 14.9 0.9 3.9 27.0 38
15 15.0 26.0 1.3 9.7 18.9 18.5 5.3 4.2 49.3 45
16 23.0 30.0 18.3 13.7 18.5 18.6 15.1 5.4 40.0 43
17 27.0 43.0 20.7 12.2 21.6 14.1 5.3 5.6 86.0 49.
18 45.0 52.0 62.2 5.7 29.7 24.5 10.5 7.9 43.6 93.
19 59.0 50.0 141.0 19.3 38.3 21.4 22.2 31.6 41.5 99
20 79.0 136.2 1.9 30.9 23.6 70.5 76.4 57.1 67
21 30.0 21.0 56.1 21.2 166.0 18.9 56.7 50.1 77.4 82



OCTOBER
OUT RETN

JULY
OUT RETN

OUT RETN

MARINE BASELINE SURVEY 1990-92
JUNE

OUT RETN

: PO"-P concentrations (pgl-1)
MAY

FEBRUARY
OUT RETN

1992

Table 7 cont.
BASE

[ )
nununununununvnunununununvnvnunununvnunununanU

947936000605051134139795
721121111111323226444230

000000007000000000000000

383352183932571855936047
MANNANANM A 12333323445346

OOOOOOOOOOOOOOOOOOOOOOOO

309541534232212277882567
o - \ \ — AdATOMOM oo

000000000000000000000000

983439856773111112125174
O <t <t v VvV VvV LO N AN © oo

OOOOO 000000000000000

89764 333934487804062
—A M~

00000 000000000000000
56281 276543335802743

AN N i AN M®D
[eNoNo) o
O NN oo}
™M AN
[N e N o
—AMO M~
< N

000000000000000000000000
052269068734942953709749
843321211111232133342574
000000000000000000000000

490241901694137265369540
OM<TANANNATANNATNMMOANOOMOMM T 00NN~

COOANMNMTLOOMNOO O
—

12

™
—

14
15
16
17
18
19
20
21

May-September
std se high low

Summer
Mean

Winter  October-April
std se high low

Mean

BASE

879715401516736334923493

426564454342222234603957
<t ©

604502303457991598658273

658228618653434575133600
<N A A — —I AN AN NO oo

918408001576188637363445
565331132100100120265376

601421442674698967739428

454874275311211351562885
— —

787104302082814961386838

COANDDOLONOLOTMMMMMLOLO S O 0N MM
<F A — - N LN

289139010080488279632709
034018333424786814939024
O MANANNTdTA A A A ATA A AA—TATN NN NI I O
707696548286924375408787

608492766857151383631025
NLOANNMANAAAA AN NN ANNOOITOOOOD

31 9339269158323553493044

942265720677606421626614

007836767756828936283463
™ A A= NMMOMLO

498467379138601822025743

816200544645929059385020
Ot ANNMANAAAAAAAN AN NN M I LOLO O

<O OTATANMTLOON~NODODOANMNMTENDON 00O O
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Table 3 : S102-Si concentrations (pgl-1)

199Q

BASE

H
SCwoo~NoOUTRENDEF O >

NRERRRRERRE R
Cwom~NoOoUhRwWNR

N
=y

1991
BASE

PR RRRERERRE R
COONOUITRWNRFRPROOO~NOUDNWNEOmT>

N
(=

DECEMBER
ouT RETN
325.0
250.0
100.0
167.0
167.0
63.0
50.0
50.0 50.0
50.0 84.0
50.0 50.0
98.0 84.0
114.0 84.0
108.0 100.0
167.0 117.0
100.0 100.0
117.0 100.0
117.0 117.0
100.0 84.0
167.0 167.0
117.0 167.0
100.0  99.0
JANUARY
ouT RETN
513.0 1170.0
507.0 417.0
262.0 223.0
215.0 217.0
202.0 190.0
161.0 145.0
70.0 149.0
154.0 170.0
153.0 117.0
197.0 131.0
121.0 127.0
94.0 117.0
100.0 89.0
149.0 81.0
73.0 115.0
118.0 127.0
79.0 102.0
87.0 74.0
138.0 136.0
140.0 173.0
155.0 180.0
202.0 188.0
313.0 225.0
740.0 447.0

FEBRUARY

780.0
284.0
291.0

ouT

792.
409.
237.
220.
179.
138.
108.
115.
119.
81.
82.
86.
113.
94.
79.
116.
97.
71.
98.
84.
164.
262.
298.
594.

MARINE BASELINE SURVEY 1990-92

OO0 OPRFPNWOOMWOPRPRODWOOODOOOOOO

RETN

840

295.
258.
341.
200.
167.
140.
108.
157.
94.
78.
75.
107.
70.
103.
62.
99.
70.
101.
106.
75.
99.
215.
409.

wohrpO

APRIL

ouT RETN
.0 438.0 176.
0 201.0 68.
0 85.1 79.
0 87.5 52.
0 84.7 63.
0 71.6
0 41.3 34.
0 39.3 38.
0 31.1 42.
2 44.2 58.
0 43.4 32.
4 33.3 32.
0 27.3 30.
2 23.7 32.
0 27.3 21.
6 40.7 42,
2 33.8 44,
0 35.5 48.
0 30.0 30.
0 17.7 22.
6 25.1 14.
3 37.4 35
0 14.0 29.
0 42.8 43.

ODOONNOPRPRPFRPOWWUINNUOIOTON

JULY

ouT

211.
11.
15.

10.

12.
18.
16.
10.
21.
23.
19.
16.

Wk WN N

=
~NooIioo N

rryowo

@LO;\J-PCDCD\I\IOJ\]U'IO'I(AJ\I\IQJHO‘)

OCTOBER
ouT RETN
525.0 451.
361.0 157.
108.0 115.

3.3 5.
22.5 29.
2.6 <1.
<1.7

<1.7 <1.

<1.7 <1.

5.
<1.7 <1.
<1.7 <1.
<1.7 <1.

<1.7 3.

<1.7 <1.

<1.7 <1.

14.3 78.

48.3 49.

4.4 49.

102.0 68.

45.6 135.

50.9 117.

66.5 12.

99.8 99.

~NOoO 1o OoO o

OPhhoOoOCDOPrOOWNNNNNNONAN

r i -



Table 8 cont.

1992
BASE

A

RPRR PP

N
[y

BASE

NERERPRPRPRRRERR R R
Boc'?)\oo\lmm-bwml—\ocooo\lmm-booml—\OUJ:D

FEBRUARY MAY

ouT RETN ouT RETN
504 .0 530.0 174 .0 162 0
304.0 319.0 121.0 122 0
334 0 255.0 410 460

217 .0 268 0

199 .0 211 0

162 .0 167 0

122 .0 119.0

140.0 117 0

131.0 126 .0 11 0 130
103.0 131 0

120.0 102 0

157 .0 108 0

188.0 138 0

189 .0 180 0

161 .0 110 .0

190.0 109 O

196 .0 193 0

1940 191 0

190.0 188 0

215.0 197 0

187.0 164 0

157.0 225 0

272 .0 267 0

260 .0 400 0

Winter  October-April

Mean std se high
574.1 239.5 64.0 638.1
279.9 115.2  30.8 310.7
182.5 87.4 23.4 205.8
155.5 98.8 27.4 182.9
135. 2 67.0 18.6 153.7
109.3 60.8 17.5 126.8
78. 2 45.6 13.2 91.4
76.1 54.2 145 90.6
81.6 53.4 14.8 96.4
79.8 49.2 13.6 93.4
67.9 42.7 11.4 79.3
77.0 45.6 12.2 89.2
89.7 53.0 14.2 103.8
93.7 61.1 16.3 110.0
78.7 46.4 12.4 91.1
89.4 51.8 13.8 103.2
97. 4 49.4 13.2 110.6
91.3 47.2 12.6 104.0
110. 2 58.8 15.7 125.9
118.0 56.7 15.2 133.1
115.6 55.0 14.7 130.3
131.9 71.8 20.7 152.6
172.3 102.9 29.7 202.0

299.9 214.0 61.8 361.6

MARINE BASELINE SURVEY 1990-92
: S102-Si concentrations {jigl™l)

JUNE

ouT

47
23
19
10
15

37 .

16
28

20 .
14 .

15.
16 .

25 .
22 .
16 .
15.

ootk R=E==1=t==R=T=R=T=R==X=X=)

low

510.
249.
159.
128.
116.
91.
65.
61.
66.

56.
64.
75.
77.
66.
75.
84.
78.
94.
102.
100.
111.
142.
238.

RPOPRPOOOCOOINNOITWWOIOOIFPFOONONO R, RFRPEFEEF

RETN

20
18
19
12
10
20
10
30
13
35
20

26
21

OO0 Ooooo

Summer

Mean

230.
103.
52.
35.
29.
28.
18.
18.
15.
27.
31.
21.
20.
37.
25.
35.
50.
50.
62.
43.
29.
29.
46.
68.

WwoONOoONTIOCORARNONNOPRRRONMNNORNNW

fey=t=1=k==X=R=X=T=R=R=X=1=k=k=X=k=R==R=R=X=X=

OCTOBER
RETN OUT  RETN
223.0 432.0 561.
53.0 175.0 171.
5/.0 123.0 84.
52.0 114.0 113.
52.0 89.0 120.
47.0 157.0 76.
37.0 60.0 44.
37.0 39.0 43.
46. 0 49
36.0 32.0 59
4.0 39.0 21
3.0 124.0 51
29.0 131.0 122
6.0 117.0 86
41.0 112.0 98
9.0 137.0 90
155.0 99.0 93
78.0 114.0 111
140.0 118.0 125
92.0 134.0 107
62.0 134.0 140
5.0 110.0 98
196.0 152.0 143
270.0 196.0 267
May-September
std se high
88.2 36.0 266.3
99.9  40.8 144.5
43.3 17.7 69.8
24.9 10.2 45.6
18.8 7.7 37.1
19.7 8.8 37.0
13.2 5.4 23.6
15.1 6.2 24.8
14.2 58 21.2
20.0 8.2 35.6
21.3 8.7 39.6
11.9 4.8 26.0
7.2 2.9 23.7
23.0 9.4  46.3
19.6 8.0 33.2
35.0 14.3  49.7
54.3 22.2 73.0
37.8 15.4  66.0
57.9 25.9 88.4
39.9 16.3 59.5
22.6 9.2 39.0
21.0 8.6 37.8
67.3 27.5 74.1
93.7 38.3 106.5

e Y=t=t=1==R=R=R=R=X=R=X=X=R=k=X=R=R=X=X=R=X=X=

low

194.

34.
25.
21.
19.
12.
12.

19.
22.
16.
17.
27.
17.
21.
28.
35.
36.
26.
20.
20.
19.
30.

ONOOODOORNRFRPNOOWWNOUIO ~OOWUTOW



MARINE BASELINE SURVEY 1990-1992

DECEMBER

: Suspended solids concentrations (mgl-1)
OUT RETN

1990
BASE

Table 9

OOOOOOOOOOOOOOO
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VvV Vv AV — ™M O L

000000000000000000000
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—V NN Vv AV AT O T I

OO ANMITOON~NOODOANMTLOOON0OOO
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APRIL JULY OCTOBER
OUT  RETN OUT  RETN ouT RETN

RETN

ouT

FEBRUARY

JANUARY
RETN

ouT

1991
BASE

boEhLERENELERENEEEL8RNNNE
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5ohhhbbohbE5hbhbohoEhihbY
REISIESSNEIIIITHEdERERS
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GGGGYTIIGITIIGIIIGITIIGY

00000 OOOOOOOOOOOOOOOOOO

26907 386333333337654978
NN \ vV V V \ \ NN

SR e e e e e LR LR
VAR A VAN AVAVAREVAVE= Rniad = AVASSS] ofi 3

000000000000000000000000

VAVAVAVAVASEVAEN R E AR VAVAVAVEZ IR U E-

OOOOOOOOOOOOOO*OOOOOOOOO

2@0.%@.65&& 6615669384898

000
670

000000000000000000000000
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—ANNV VAN A\ AA A1 <T A

000000000000000000000000
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MM NV ™ A\ A AN

<O OANMNMTOON~NO0OOODOTITANMNTOOON~NOO O
AA A A A AN

—
— N

* None-saline method believed to have been used



OCTOBER
RETN

JUuLY
RETN OUT  RETN ouT

JUNE

MARINE BASELINE SURVEY 1990-1992
ouT

RETN

MAY
ouT

- Suspended solids concentrations (mgl-1)
1992 FEBRUARY
ouT RETN

Table 9 cont.
BASE

000000000000000000000000
353244433333344338805556

000000000000000000000000
023608332332043358576720

N ArA A A" NNANNOOMLO N~
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(o NeNo) OOOOOOOOOOOOOOOOOO
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000000000000000000000000
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OO OO0OOoO 000000000000000
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vV V V \ VvV Vv V NV

00000 OOOOOOOOOOOOOOO
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vV V Vv Vv VvV Vv V V VYV vV V<

oo

N~

—

oo

[{eNTo}

—

K K K K % K Kk K X K Kk Kk K Kk %k K K X K Kk k K k X

[eleolololololololololololololololojlololole oo o]

OISO ANLOMNMOUONOTMOONOOOL MO D

TOTOSTOONTNNONTITN® T O OO O DO O

X K K Kk K K Kk Kk K K % K K K X K kK kK k kK k kK ¥k ¥

lofofofoRololofoRoloRofoRoofofolofofoR oo oo o)

AN ANATOAMMMOOWOMNOOOMOOKON OO ANNO

<tTITIOTOONOANNMANNDOOUOITTOMUOONNOO

<M OTANNMTLOONMNOVOODOANMNMSTOONONO A
A A A A AA " A 1NN

high low

May-September
se

std

October-April Summer
std se high low Mean

Winter

* Non-saline method believed to have been used
Mean

BASE

171054744040642594011028
544111211114351412223585

297813311728588049710602

085122422128861322336859
< < < N <

618434834344473233854847
220000000002250900006181

316979088808007167028411

51000200014540700215454
[To N Tol < <

789489588384115827866865

216142038243986470035874

791571446244353579359079
— A NN N A

773491440309731773881506

148936482376086855163964
— — 1 AT ANANTANOMOM

284134206533422701478426
223232522011311143456447

076489541712999369916384

780696668144033529381211
— AN A AN

590376244876319172413190

915703969255774712716517
— AN MANOMAN

MOANMIOLONMNOOOOOAANM LD O I~ DO

INCLUDE SUSPECT DATA

N.B. DOES NOT



MARINE BASELINE SURVEY 1990-92

OCTOBER
OUT RETN

OUT RETN

: Chlorophyll A concentrations (vigl-1)
JULY

APRIL
OUT RETN

Table 10
1991
BASE

860787418729597590775214
011001210011111212122432

OO MAOANITTOMO MM ANMMNMNNNON
A1 OO A0 A0 A A cd O Acdcd AN NONNMAN

51549 ™~ M~ 69814412470585
002312 - 00122322112242

370896372345807309678595
380111112000111321112262

94198 728168137396179373
32321 445111434512214675

2572 822950819142 908022
1112 013211323421 137274

<O OTNMTOON~NOOODOANMNMTOON0OO O
A A A A AA A A NN

OCTOBER
OUT RETN

JULY
OUT RETN

JUNE
OUT RETN

MAY
OUT RETN

FEBRUARY
OUT RETN

1992
BASE

122105504366171682356156
111210111104211101111121

755130352878677883033300
111111011313211111323236

876453473467477371328882
840221213101111133233336

393400814971489151249604
222322232112314222121364

[sp e Ne)RoNqp) 481956843789499
—A—TAO A - 112244983332112

MO O 236341665677851
N AN 112334576332113

oom ™
—AMmm i
o0 © O M~
— NN —

388199580809556669609606
100100001010000000121131

930096682283092264604764
011100001101101101122111

<M OTANMITLO O 00O - MWD ON0O O
— Al A A A A NN



MARINE BASELINE SURVEY 1990-92

- Chlorophyll A concentrations (ygl-1)

Table 10 cont.

May-September

Summer
Mean

se high low

std

Tow

October-April

Winter
Mean

high

Se

std

BASS

215871768083197136944230
432111111101212332122233

899425114530798458719001
744221222112223553232354

892332223223355116443485
101000000000000110000000

420874666557823865096903
423000000000011221100021

OOCON~NHOMOOANCANMNT TANNTANMN~NS O - O
6&.3211112111223443222243

232208143100556715877719
111110111112111111112232

977730024839236659121168
111111222112222211224545

323311546315445522227274
000000000000000000000101

947733326943114356579411
000000111001111100001324

654519588524991237904994
111110111112112211123334

CONOTANMITOONMNODOATANMTLOOONOO O
A A A A AN

Annual
Mean

low

high

se

std

BASE

605640566108004611907653
221111111111222222122233

077283338847674381578706
633211222112223433223455

791322436324345885336072
101000000000000000000101

126864195852914344896913
422000101001011221001223

386961902523349496242634
422111122112222322223344

<O OTANMNMTIOONMNOODOOOATANMNMTNDNONOOOO
AAd A A A A A A A" NN
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